In mature and immature teratoma the treatment is surgical. The risk of recurrence can be estimated from the parameters primary site (with the coccygeal tumors being most at risk), histological grade of immaturity and completeness of the primary resection including the adjacent organ of origin (coccyx, ovary, testis etc.). In case of a microscopically complete tumor resection there is no role for adjuvant chemo-or radiotherapy irrespective of the histological grade of immaturity.
Introduction
Cooperative studies have greatly advanced both our clinical understanding and the therapeutic success in pediatric germ-cell tumors (GCT). Whereas the first protocols were strongly influenced by previous studies on testicular GCT in adults [1] , the trials on pediatric GCT clearly revealed the specific diagnostic, therapeutic and prognostic characteristics of GCT in infancy and childhood [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Moreover, biological studies demonstrated that pediatric GCT show a distinct genetic profile [12, 13] . Therefore, due to the profound differences in their biology and their clinical presentation the data obtained in adult GCT cannot simply be transferred to pediatric patients without scrutiny, but the special clinical settings have to be considered carefully.
This article reviews the current knowledge on epidemiology, biology, diagnosis and therapy in both intraand extracranial GCT in children and adolescents. With a view to the ongoing German protocols a risk adapted therapeutic strategy for pediatric GCT is presented, and the prognosis under this therapeutic strategy is illustrated.
Epidemiology
Malignant germ-cell tumors are rare tumors contributing 2.9% to the central Tumor Registry of the German Society for Pediatric Oncology and Hematology [14] . In Germany the incidence of malignant GCT is 0.6/ 100,000 children, varying significantly according to sex and age. Teratoma contribute additional 50% [14] so that from these data the overall incidence of GCT can be estimated as 0.9/100,000. In neonates mature and immature teratoma predominate (girls: 0.9/100,000, boys: 2.6/100,000). In the first years of life the overall incidence of GCT decreases (< 0.1/100,000 for both sexes at five years of age) [14] . Simultaneously, among toddlers the relative proportion of malignant entities, especially yolk sac tumors (YST) increases. The incidence of gonadal tumors, mainly seminomas and dysgerminomas, increases with the onset of puberty. In young men GCT represent the most common malignant tumor entity (yearly incidence: 7-8/100,000) [15] . In general, girls have a higher overall incidence of GCT, but boys are more at risk of malignant GCT [14] ,
Histological classification of germ-cell tumors
GCT are characterized by a high heterogeneity of their histological differentiation, but they show a similar histological pattern independent of their primary site or sex. They are classified according to the WHO-classification of testicular [16] and ovarian tumors [17] , respectively. The histological evaluation of GCT is difficult because of the heterogeneous appearance of the tumors and because of conflicting terminology. Therefore, the initial diagnostic work-up should include the evaluation by an experienced pediatric pathologist and according to the guidelines of the German GCT protocols a central reference histology is mandatory in order to achieve a standardized and reliable histopathological diagnosis and grading.
According to the holistic concept of Teilum [18, 19] GCT arise from totipotent primordial germ cells which are capable of embryonic and extraembryonic differentiation. Yolk sac tumors (YST) and choriocarcinoma (CHC) follow an extraembryonic differentiation pattern and are characterized by a significant secretion of al-fetoprotein (AFP) or human choriogonadotropin (HCG or (3-HCG), respectively. Embryonal carcinoma (EC) represent tumors of immature totipotent cells. Teratoma display an embryonal differentiation mimicking organ structures of all germ layers. In teratoma the histological grade of immaturity is defined by the extent of immature (predominantly neuroepithelial) elements [20] . Finally, the germinomatous tumors [synonyms: seminoma (testis), dysgerminoma (ovary), germinoma (brain)] may be interpreted as tumors displaying morphological features of undifferentiated germ epithelium. Interestingly, in contrast to testicular GCT of adult patients pediatric GCT do not develop from intratubular in situ carcinoma [21] .
The histological subentities show a highly heterogeneous biology and clinical course. In most patients the response to the different therapeutic modalities can be predicted from the histological appearance and the tumor marker profile (Table 1) . Twenty-five percent of all pediatric GCT present as tumors with more than one histological type. In this situation therapy and prognosis depend on the tumor entity with the highest malignancy.
Tumor markers
Depending on their histological differentiation (Table 1) GCT tend to secrete the tumor markers AFP and/or (3-HCG which help to establish a clinical diagnosis in tumors presenting at a typical localization. It has to be considered that the AFP levels may be excessively elevated in neonates and infants ( Figure 1 ). Therefore, in the first two years of life only AFP levels significantly above the age-related normal value can be regarded as diagnostic for a secreting germ-cell tumor [22] . In general, the tumor marker profile is highly specific for the histological differentiation of the tumors (Table 1) . Never- Figure I . Serum AFP levels of term babies without additional factors associated with AFP-elevation (median and 95% interval) [22] .
theless, there may be a secretion of p-chains of HCG in seminoma/germinoma (<50 IU/1) which is often related to the histological presence of syncytiotrophoblast-like giant cells [23] . Some patients with immature teratoma show a moderate elevation of the AFP level (< 100 ug/1), sometimes associated with histologically detectable small foci of YST within the teratoma [23, 24] .
Genetics
Pediatric GCT show a pattern of cytogenetic aberrations which is different from their adult counterparts. More than 80% of adult malignant GCT display a distinct and specific chromosomal aberration, the isochromosome 12p [25] . The remaining isochromosome 12p-negative tumors frequently show an amplification of 12p (homogeneously staining regions or tandem repeats) [25] . These aberrations have been observed in both, testicular and ovarian tumors, and in extragonadal mediastinal GCT. In children younger than 10 years an isochromosome 12p has been found only in a vast minority of patients [12, 13] , although interphase cytogenetic studies have demonstrated aberrations of the short arm of chromosome 12 in some YST [26] . On the other hand, aberrations at both the short and the long arm of chromosome 1, at the long arm of chromosome 6 and the sex chromosomes have been found frequently, but no consistent correlation between cytogenetic aberrations, histology and primary site of the tumor has been established [12, 13] .
Localization
In children younger than 15 years the most common primary sites are the ovary (26%), the coccyx (24%), the testis (18%) and the brain (18%). In infancy coccygeal tumors are by far most prevalent. Other extragonadal sites are the mediastinum (4%), the retroperitoneum (4%) and the vagina (2%). The relative incidence of GCT with regard to the histological subentities and the primary site shows a characteristic age-dependent pattern. Teratomas of the coccyx are most commonly found in neonates, while ovarian teratomas occur between the 6th and the 14th year of age. Coccygeal tumors in children older than four years usually present as malignant YST [27] , and half of the patients with relapsing teratoma present with a malignant histology, most common YST [4] . Among the ovarian tumors, dysgerminoma are most prevalent during puberty, whereas the other malignant entities develop at all ages. Germinomatous tumors can also appear at extragonadal sites like the brain (approx. 50% of all intracranial GCT [8] ) or mediastinum but they have not been observed yet at the coccyx.
Tumor spread and relapse pattern
Malignant GCT are characterized by their infiltrative growth pattern and by lymphogenous and hematogenous spread. The testicular GCT spread into the retroperitoneal lymph nodes, while spread into inguinal lymph nodes occurs in stage pT4 tumors, only. In ovarian GCT lymphogenous spread can be observed in the lymph nodes at the renal hilus. In intraabdominal and intracranial GCT dissemination can occur via ascites or cerebrospinal fluid, respectively. The most common sites of distant metastases are the lungs and the liver. In a recent evaluation of 95 patients with sacrococcygeal YST registered in the German cooperative protocols 15% of the patients had lymph node metastases while 35% suffered from distant metastases at diagnosis. Compared to adults brain metastases of extracranial GCT are extremely rare. Relapses most commonly present as local recurrence at the primary site of the tumor.
Diagnosis
In most patients the diagnosis can be established with regard to the clinical picture, the typical localization, tumor imaging and the measurement of the tumor markers. In neonates and young infants the physiologically elevated AFP-levels have to be considered. In children older than two years an elevation of the AFPlevels of more than 100 ug/1 is highly indicative for a malignant GCT with a component of YST. Nevertheless, an acute liver disease with an elevation of the AFP-levels due to hepatocellular regeneration, AFP secreting liver tumors like hepatoblastoma and hepatocellular carcinoma and some rare tumors (e.g., pancreaticoblastoma), rare cases of hereditary persistence of AFP or hereditary diseases associated with elevated AFP-levels (e.g., hereditary tyrosinemia, ataxia teleangiectatica) should be excluded [28] . In some teratoma with a higher degree of immaturity elevation of the AFP can be observed and correlates with the histological detection of small foci of YST [23, 24] . Nevertheless, in case of a complete tumor resection microfoci of YST would not urge to change the therapeutic strategy [4, 11] .
The establishment of a clinical diagnosis is of high priority in intracranial non-germinomatous tumors at the pinealis or suprasellar region, as the chance of a complete tumor resection can be significantly improved by preoperative chemotherapy. Thus, by establishing a clinical diagnosis a second brain surgery can be avoided. Moreover, the diagnostic value of stereotactic biopsies is limited, since the relevant tumor component may not be included in the small tumor samples. Therefore, the finding of elevated tumor markers (AFP or (3-HCG) in the serum or the CSF appear to be clinically more relevant than a confined stereotactic biopsy.
A primary resection of secreting tumors at all sites may be indicated only in those tumors, in which the diagnostic imaging suggests a high chance of a primary complete tumor resection. On the other hand, a (preferably open) tumor biopsy is mandatory in non-secreting tumors at all sites.
Treatment
Treatment of pediatric GCT is based on a multimodal strategy that includes surgery, chemo-and radiotherapy. Depending on their distinct biology the histological subentities differ significantly in their response to chemoand radiotherapy. Germinomatous tumors are highly sensitive to both radio-and chemotherapy [8] . On the other hand, the therapeutic impact of radiotherapy has not yet been clearly defined in non-germinomatous malignant GCT. Treatment data show that EC, CHC and YST show a restricted sensitivity only to high doses (>50 Gy) of irradiation [8] . Compared to their malignant counterparts, in immature teratoma the therapeutic role of chemo-or radiotherapy still has to be determined [4] . Therefore, in these tumors the complete surgery represents the mainstay of treatment [4, 11] .
Historical reports of the 1980s discussed treatment regimen including vincristine, adriamycin, actinomycin D and cyclophosphamide combined with irradiation [29] . Radiotherapy was administered simultaneously to chemotherapy up to a dose of 30 Gy. The entire chemotherapy was continued for 18-20 months. Thirty percent of the patients survived. Ten percent died of toxicity complication. Ablin et al. reported about 93 children with extracranial malignant germ-cell tumors treated between 1978-1984 [3] . Patients received a combination of vinblastine, bleomycin, cisplatinum, cyclophosphamide, actinomycin D and doxorubicin. The observed toxicity aside hematological effects was mainly cardiac due to doxorubicin and pulmonary as induced by bleomycin, but no toxic death was recorded. The achieved event-free survival rates were around 50%.
Data of the UKCCSG study on malignant germ-cell tumors registered between 1979 and 1987 described the results of several chemo-regimen [30] : Low-dose VAC treatment was seen to be ineffective (EFS 8%). The combination platinum, vinblastine and bleomycin (days 2, 9, 16) caused unacceptable pulmonary toxicity due to bleomycin whereas the combination of bleomycin (day 1 only), etoposide and cisplatinum showed superior results with no proven pulmonary complication (EFS 84%). Good results were also obtained with high-dose VAC with or without doxorubicin resulting in an EFS of 87%.
Cisplatinum has been demonstrated as the most effective single chemotherapeutic agent in both childhood and adult GCT From the 1980s etoposide has been introduced as the first drug active in cisplatinum resistant GCT. Recently, there have been attempts to replace cisplatinum by carboplatinum in order to reduce the cumulative nephro-and ototoxicity (e.g. JEB, Table 2 ) [6, 9] . Some studies have shown the superior efficacy of carboplatinum regimen compared to nonplatinum regimen previously applied in children [6, 7, 9] . On the other hand, an analysis of prognostic factors in non-seminomatous GCT revealed that even in localized tumors an intensive cisplatinum-based chemotherapy resulted in higher survival rates than carboplatinum therapy [31] .
In summary, the regimens PEI, BEP, PVB, CarboPEI and JEB (Table 2 ) have a synergistic cytotoxic activity and can be regarded as standard regimens that are applied in currently open pediatric GCT protocols. Encouraged by the results of previous studies, attempts have been made to reduce the cumulative chemotherapy doses by introducing shorter but more intensive regimen. applied therapeutic modalities with an estimated cumulative risk of 1.0% (3 of 442 patients, Kaplan-Meier method at 10 years follow-up) for patients treated with chemotherapy only and 4.2% (3 of 174 patients) for patients treated with combined radio-and chemotherapy [35] .
Therapeutic strategies of the international SIOP-CNS-GCT 96 protocol and the currently open German protocols for extracranial GCT

Side effects of chemotherapy
The problematic pulmonary toxicity of bleomycin which also had been reported as a problem in combination with reduced kidney function [32] or potentiated by anesthesia [33] , lead to regimen without implementing this drug. On the other hand, the highly efficient combination of cisplatinum, etoposide and ifosfamide (PEI) is associated with a higher degree of myelosuppression and bears the risk of tubular nephropathy [34] . The risk of therapy-related secondary leukemia is dependent on the In general different strategies have been applied in pediatric GCT protocols. Some have stratified chemotherapy according to the response to treatment (e.g., one standard chemotherapy regimen to a total of two cycles after complete remission [6] ). In other protocols therapy is stratified according to initial diagnostic parameters, and only in case of insufficient response to treatment therapy is further intensified. In the following chapters, the SIOP-CNS-GCT 96 protocol and the German protocols for extracranial GCT and their risk adapted therapeutic strategies are summarized. In the current protocols the cumulative treatment could be significantly reduced for most patients without jeopardizing the overall cure rates. It must be considered that a reduction of treatment may be harmful to those patients that are not diagnosed and treated according to the standards outlined in the previous chapters. Therefore, the German Cancer Society, the German Cancer Aid and the consulted ethical committees strongly recommend that a stratification of therapy according to the outlined criteria is appropriate for protocol patients, only.
SIOP-CNS-GCT 96 protocol on malignant intracranial GCT
The therapeutic strategy for malignant intracranial GCT is stratified according to the histological differentiation (i.e., germinoma vs. secreting GCT) and initial tumor stage. The ongoing SIOP-CNS-GCT protocol aims to evaluate the two different therapeutic options in intracranial germinoma with regard to both their therapeutic impact and their specific acute and long-term toxicities. For secreting intracranial tumors the effect of a combined treatment with PEI (Table 2 ) and risk adapted radiotherapy is examined. In intracranial germinoma, which account for 50% of all intracranial GCT and do not secret significant amounts of (3-HCG, a histological verification of the tumor is mandatory. According to the current SIOP-CNS-GCT 96 protocol patients can be treated either with craniospinal irradiation with 24 Gy and a tumor boost of 16 Gy or with a multimodal treatment including two cycles of chemotherapy (CarboPEI, Table 2 ) followed by a focal irradiation (40 Gy). As GCT may arise in neighborhood to sensitive structures like the chiasma opticum, it is recommended to consult a reference radiotherapist for detailed recommendation on optimal treatment techniques. It has been demonstrated that a five-year event-free survival of 91% and five-year overall survival of 94% can be achieved by radiotherapy only [36] . With the combined chemo-and radiotherapy approach a three-year relapse-free survival of 96% and an overall three-year survival of 98% has recently been reported, but it has to be considered that in this study two of the four observed relapses occurred after the evaluated three-year observation period [37] .
The secreting intracranial GCT (YST, CHC, EC) show an inferior prognosis compared to germinoma. In these patients four cycles of cisplatinum based chemotherapy (PEI, Table 2) are applied, followed by a delayed tumor resection and radiotherapy. The radiotherapy is stratified according to the initial staging. Non-metastatic tumors receive focal irradiation (54 Gy), whereas patients with intracranial or spinal metastases or tumor cells in the CSF receive a craniospinal irradiation (30 Gy plus 24 Gy tumor boost). The summary of several cooperative protocols [8] and the preliminary data of the SIOP-CNS-GCT 96 protocol suggest that a long term remission can be obtained in about two thirds of patients.
MAKEI and MA HO protocols on extracranial malignant GCT
Surgical treatment
Both gonadal and extragonadal GCT are treated according to a similar therapeutic concept: only in small, non-metastatic tumors in which the radiographic examinations shows no evidence of invasive growth beyond the organ of origin a primary resection is indicated. In patients with bulky, invasive or metastatic tumors a preoperative chemotherapy followed by a delayed tumor resection is preferred to avoid the risk of incomplete resection. A decline of the tumor markers according to their serum half-life indicates for a favorable response to chemotherapy [38] .
Tumor resection is considered complete, if it is performed as en bloc resection of the tumor including the adjacent organ of origin. On microscopy the resection margins must be free of tumor cells. In testicular tumors a high inguinal orchidectomy is mandatory. Ovarian tumors must be resected including the ovary and the Fallopian tube. In coccygeal tumors the complete en toto resection including the whole coccyx is essential [27] . A recently published review summarizes the standard surgical procedures in gonadal and extragonadal pediatric GCT in detail [39] .
In patients with tumor residues after an initial tumor resection a second-look surgery is essential to achieve a secondary complete resection. In general, there is no role for debulking surgery in pediatric GCT. Usually, surgery of metastases is not indicated [27] unless they show an insufficient response to chemotherapy.
Adjuvant treatment
According to the MAHO 98 protocol for testicular GCT patients with stage IA mature teratoma or YST are treated according to a watch-and-wait strategy. All other patients receive two to three cycles PVB (^ stage IIB; Table 2 ) or the more intensive BEP (stage IIC-IV; Table 2 ). PEI is reserved as salvage therapy in patients with relapsing or poorly responding tumors.
In the current MAKEI 96 protocol patients with completely resected stage Tj tumors are treated according to a watch-and-wait strategy which includes frequent (weekly) controls of the relevant tumor markers. Completely resected stage T 2 tumors receive two to three cycles of a two agent regimen (PE, Table 2 ), whereas a three-agent combination is applied after incomplete resection (PEI, Table 2 ) [40, 41] . Guided by the observation of lethal or severe chronic bleomycin-associated pulmonary fibrosis bleomycin was omitted in the current MAKEI 96 protocol. Ovarian dysgerminoma are treated according to the same strategy. Irradiation is omitted to preserve fertility.
Teratoma
Teratoma represent a distinct histological entity that shows a significant diversity of the clinical course in dependence of the histological grade of immaturity [4, 20] . Mature teratoma are considered as benign tumors, whereas immature teratoma may show clinical features of malignancy. The surgical treatment should follow the same principles as outlined above for the malignant GCT.
The risk of recurrence can be estimated from the parameters primary site of the tumor, histological grade of immaturity and completeness of the tumor resection [4] . Nevertheless, the role of adjuvant chemotherapy has not yet been established, but recent reports have shown that chemotherapy is not indicated after complete tumor resection, even if there were small foci of malignant YST [4, 11] .
Follow-up
A complete clinical remission is defined as normalization of the tumor-markers within the age-related normal range and the absence of suspective residual structures, even in patients with normalized tumor markers, as these structures may represent remaining mature teratoma. If any of these criteria is not fulfilled, a diagnostic reevaluation and -if necessary -change or intensification of treatment is highly indicated. Most relapses occur within the first two years after diagnosis, although in some patients late recurrences up to five years after diagnosis of an intracranial germinoma or sacrococcygeal teratoma have been observed. Therefore, the initial follow-up examinations after completion of chemotherapy must be performed in short intervals, including frequent (i.e., weekly) controls of the tumor markers AFP and (3-HCG. In watch-and-wait patients the decline of the AFP values must be evaluated with regard to its serum half-life of approximately six to seven days. Especially in infants younger than two years in whom the interpretation of AFP may be difficult due to the physiologically elevated serum levels it has been proven helpful to compare the AFP decline with the graph given in Figure 1 . A slower decline or a secondary rise of the AFP levels strongly indicate for an incomplete tumor resection or a recurrence of YST.
In addition, the follow-up examinations must include repeated imaging of the primary site of tumor. In case of residual structures after chemotherapy a resection of these residues is indicated, since mature teratoma may have remained which bears the risk of a later tumor progression [42] . Positron emission tomography examinations have not been proven useful in this situation, as these cannot distinguish between mature teratoma and residual necrosis or scars [43] .
In intracranial tumors repeated endocrinological examinations at diagnosis and during follow-up are mandatory, since especially tumors of the suprasellar region can be associated with endocrinological symptoms like diabetes insipidus or panhypopituiarism. In children treated with cisplatinum-containing polychemotherapy (esp. plus ifosfamide) the renal function has to be monitored carefully for tubular nephropathy. In children a prolonged phosphaturia can lead to renal rachitism with consecutive growth retardation, while adolescents are at risk of renal osteomalacia [34] . These long-term sequelae can be avoided by supplementation of phosphate and vitamin D. Further attention should be drawn to the risk of therapy-related secondary leukemia that depends on treatment intensity and modality. In the German series the cumulative risk at 10 years follow-up was 1.0% for patients that received chemotherapy only and 4.2% for patients that were treated with both radioand chemotherapy (Kaplan-Meier estimates) [35] .
Relapse treatment
In patients with recurrent or refractory tumors who had previously been treated with a non-platinum or carboplatinum therapy, cisplatinum based regimens (preferably PEI) have been successfully applied [9, 41] . In this report on localized malignant GCT a complete remission (CR) could be achieved in 90% after cisplatinum chemotherapy (TGM 85 protocol). In the consecutive TGM 90 protocol cisplatinum was replaced by carboplatinum with the cumulative doses of the further agents remaining unchanged. In this protocol the CR rate was 58% after carboplatinum chemotherapy as first line treatment, but after introduction of cisplatinum as a second line treatment for the remaining patients with an insufficient response the overall CR rate could be raised to 90% [9] .
In conclusion, we prefer cisplatinum containing regimen in patients with relapsed tumors, if the organ toxicities related to the previous treatment allow further cisplatinum therapy. On the other hand patients suffering from severe cisplatinum-related toxicity may be treated with a combination of carboplatinum and highdose etoposide (at 400-600 mg/m 2 on three days). In our experience high-dose chemotherapy with stem-cell support, as it has been applied in adult patients [41] , has resulted in long-term remissions only in those patients in whom a clinical complete remission could be achieved prior to high-dose chemotherapy. Therefore, we regard high dose chemotherapy as indicated for consolidation treatment, only.
In our experience more than 90% of relapses occur at the primary site of the tumor. For example in the above mentioned series of 95 sacrococcygeal YST only one patient had a distant recurrence, whereas nine patients had a local and four patients a combined local and distant relapse. Therefore, relapse chemotherapy must be accompanied by an intensive local therapy, preferably complete resection of the recurrent tumor after tumor-reduction by preoperative chemotherapy. We could demonstrate that patients with local recur-rences and poor response to conventional chemotherapy may profit from locoregional hyperthermia combined with platinum-based chemotherapy. This approach significantly enhanced local tumor control [31] . To our knowledge, newly developed drugs like paclitaxel or gemcitabine which have been recently applied in phase I and II studies in relapsed adult GCT have not yet been studied in children with relapsing or refractory GCT. In conclusion, as the insufficient local tumor control at the primary site of tumor represents the main problem in most patients, further significant advances in relapsing GCT may probably be based on a further improvement of local therapy.
Prognosis
In the pre-cisplatinum era the prognosis was determined by the parameters histology, primary site and tumor stage. The malignant non-germinomatous intracranial GCT showed the most unfavorable prognosis with an EFS of 5% [44] followed by the malignant sacrococcygeal GCT (5%-10%, own experience in non-protocol patients retrospectively reported during the MAKEI 83 period). The introduction of cisplatinum to GCT treatment led to a significant improvement of the prognosis with now more than 80% of all patients being cured. A recent study of prognostic factors in children with localized GCT introduced high AFP-levels as a distinct prognostic parameter for tumors treated with carboplatinum, but the authors still concluded that this prognostic factor may not be relevant in patients primarily treated with intensive cisplatinum chemotherapy [9] .
The event-free survival rates of patients (enrolled in the German MAKEI trials) with non-testicular GCT with respect to the primary site of the tumor and the histological differentiation are summarized in the Figures 2 and 3 . It has to be considered that a further differentiation between each site and histological subentity is mandatory, as a specific histology may bear a different prognosis dependent of the site. For example the non-germinomatous intracranial GCT remain to be high at risk, although by current protocols long-term remissions can be achieved in approx. Two-third of all patients, depending on the intensity (i.e., cumulative cisplatinum dose) of chemotherapy [8] . On the other hand intracranial germinoma have an excellent prognosis with an EFS of approximately 95%. Among the extracranial tumors the testicular GCT have the most favorable prognosis (EFS 97%) even despite malignant (e.g., YST) histology and irrespective of the initial tumor stage [5] .
In conclusion, in the cisplatinum era the previous prognostic parameters like histology, primary site and tumor stage have partly lost their former impressive prognostic relevance, while the completeness of the tumor resection seems to establish as a new, highly relevant prognostic factor. In advanced and infiltrating tumors the rate of complete resections can be signifi- The prognosis of the intracranial GCT was significantly influenced by the histological differentiation, with the secreting GCT and teratoma having an EFS of 0.65 each. 2 At the sacrococcygeal site the immature teratoma were higher at risk of recurrence (EFS 0.75) compared to secreting GCT (EFS 0.8) and mature teratoma (EFS 0.89), whereas at the ovarian or other extracranial sites an EFS of more than 0.9 could be achieved in both mature and immature teratoma. Compared to germinoma at other sites (EFS 0.93) the ovarian dysgerminoma had a comparably low EFS of 0.79, as some patients with localized tumors who were treated according to a watchand-wait strategy relapsed during the follow-up. But all these patients were successfully treated with a cisplatinum chemotherapy. 2 Both mature and immature teratoma had higher relapse rates at the intracranial and sacrococcygeal sites. 3 The prognosis of extracranial secreting tumors was independent of the primary site.
cantly increased by a preoperative chemotherapy. Moreover, preoperative chemotherapy helps to avoid extended surgery with the risk of severe mutilation. Therefore, this strategy appears to be most appropriate in advanced and infiltrating tumors.
Future perspectives
Central documentation and evaluation of children with GCT has allowed to introduce risk adapted therapy protocols stratified according to a standardized diagnostic work-up including tumor markers, tumor stage and histology. As the complete tumor resection has been established as a valuable prognostic parameter, sitespecific surgical standards must be defined. Furthermore, it has to be determined in how far biological parameters (e.g., specific genetic aberrations) may help to further define distinct risk groups.
